Spatially resolved information from the near surfaces of materials can be obtained with a nuclear microprobe. The spatial resolution is determined by the optics of the instrument and radiation damage in the specimen. Two-and three-dimensional maps of elemental concentration may be obtained from the near surfaces of materials. Data are acquired by repeated scans of a constantly moving beam over the region of interest or by counting for a preset integrated charge at each specimen location.
Introduc t ion
The purpose of a nuclear microprobe is to obtain spatially resolved information from a specimen containing some nonhomogeneity. The nonuniformity may be in any direction relative to the incident beam direction, but the problem of data acquisition is always the same--where is the nonuniformity, and how big is it? There are three analytic signals used with a nuclear microprobe: particle induced x-ray emission (PIXE), Rutherford backscattering (RBS), and nuclear reaction analysis (NRA). The signal or signals detected, the nature of the specimen, the desired information, and the available beam current determine the appropriate solution to the problem of data acquisition. Microprobes existing in the world today have unique solutions, usually dictated by the constraints of the locally existing hardware for nuclear physics data acquisition. This paper cannot review all the existing and proposed solutions', but it discusses the general constraints of the problem.
Data Rates
The total amount of data processed depends on the incident beam current and the beam-specimen interaction. Partitioning the data into individual picture elements, or pixels, is necessary to obtain the spatially resolved information. Therefore, considerations of beam current vs spot size and time/pixel vs resolution, concentration, and cross section determine how the data can be acquired and stored.
An ideal ion-optical system focuses some fraction of the accelerated beam into the final spot with the amount determined by the ratio of the phase space acceptance of the final lens to the total available phase space. would move -2% of the atoms distances greater than the resolution of the measurement. There is no way of acquiring the data to avoid this fundamental limitation.
Information
The main strenth of PIXE is an increased elemental sensitivity relative to electron-beam excited specimens for intermediate and heavy atoms. The energy dependence of the x-ray production cross section means that some elemental depth information can be obtained by differential measurements, but this is not easily applicable with a microprobe. The usual application of the PIXE signal from a nuclear microprobe is to obtain multielement two-dimensional distributions and use the increased elemental sensitivity at selected points of interest. The reason is readily apparent from Fig. 2 The primary interest is the localization of heavy trace elements or impurities in thin biological specimens. The beam is magnetically deflected in a raster pattern on the specimen, and the XY positions and energy of each event are stored on tape or disk. A storage scope is used to display the data as twodimensional elemental maps, line scans, point spectra, or selected area averages. The system works quite well because the count rates and total number of events to be recorded are low. The fast deflection of the beam minimizes thermal degradation of the specimen.
The RBS and NRA data acquistions with a microprobe are complicated by an extra dimensionality of information, the depth distribution. The particles entering and leaving the specimen lose energy in a known way, and the distorted peak shapes contain the depth information. Figure 4 shows the spectrum obtained from 2-MeV deuterons on 250 nm of anodic oxide on GaAs. Both the RBS deuterons and the proton and alpha peaks from the nuclear reactions with 160 are shown. The alpha particle peak at 2.9 MeV from the 160(d, a)14N reaction can be used to profile the oxygen concentration as a function of depth in the GaAs oxide.
To obtain the depth information, peak shape analysis must be performed at each pixel. Also, if the microprobe is used to obtain a two-dimensional array of such information, the data cannot be conveniently displayed because it is four dimensional--concentration and positions x,y, and z.
The obvious solution is to simplify the problem by idealizing the geometry. This usually means obtaining line-scan information rather than full area scans. Reducing the dimensionality of the problem is usually required for another reason, data retrieval rates. The cross sections for RBS and NRA are normally lower than for PIXE and require long data access times per pixel. Figure 5 is an example of such linescan information showing the variation in oxygen concentration vs depth across a laser-annealed spot on GaAs anodic oxide. Since the LASL microprobe3 was intended to be used primarily for semiconductor and metallurgical applications where localized heating is not expected to be a problem, a fixed beam is used. Quantitative results are obtained by counting for a preset integrated charge at each pixel. Figure 6 shows the system with its computer generated XY rastering capability. In the usual mode of operation, complete spectra from the detectors are obtained at each point, and the information is written to magnetic tape for permanent storage and later analysis. Up to 72 gates can be set on the spectra, and the integrated sums or differences can be stored in memory. That is, 72 line scans derived from the spectra can be accumulated in memory during data acquisition. The complete spectral storage capability of this approach means that data retrieval rates are detector and beam current limited rather than computer limited. The optimal solution to the data acquisition problem is the one that records only the information required to answer the particular question about the sample. This means applying strong filters to the data before storage to reduce the mass of information.
However, problems can arise with new or unknown samples where it is not obvious what f ilters to apply until after the data are acquired.
In addition to acquiring the analytic information from the specimen, the beam must be focused on the region of interest. This has usually been done with an optical microscope and thin scintillator, but the ability to image the specimen directly with the beam is a great convenience. The combination of a fast deflection system and specimen imaging from secondary electrons makes the nuclear microprobe similar to a scanning electron microscope'. Computer generated rasters and direct imaging will be a geat help in making the nuclear microprobe a convenient instrument for precise, reproducible, quantitative information from the near surfaces of materials.
